Objectives-To report the preoperative ultrasound (US) signs of isolated fallopian tube torsion in surgically verified cases and to estimate whether preoperative US detection of this condition can be improved.
I
solated fallopian tube torsion is a rare gynecologic emergency condition occurring mainly in the reproductive period. 1 Predisposing factors may be intrinsic, such as hydrosalpinx, hematosalpinx, and a post-tubal ligation status, or extrinsic, such as ovarian or paratubal masses, peritubal adhesions, pelvic venous congestion, and uterine enlargement (in pregnancy). Early diagnosis and rapid surgical intervention are crucial to minimize the ischemic damage and salvage the fallopian tube. However, most of the recent publications on the clinical and US features of isolated fallopian tube torsion, mainly case reports and small-scale case series, suggest that it has a low detection rate primarily because of the nonspecific US findings. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Casey et al 12 found that of 15 cases of isolated fallopian tube torsion in children and adolescents, 11 (73%) were initially misdiagnosed. The US findings were attributed to ovarian or adnexal torsion (5 cases), ovarian or adnexal cysts/masses (5 cases), and acute appendicitis (1 case). Wong et al 8 described 6 cases of isolated fallopian tube torsion, all of which were misdiagnosed preoperatively as acute appendicitis, and Lo et al 13 described 17 cases, which were misdiagnosed as ovarian torsion (9 cases), adnexal cysts (5 cases), acute appendicitis (2 cases), and hydrosalpinx (1 case). The aim of this study was to delineate the US findings in a larger cohort of patients with isolated fallopian tube torsion than reported to date and to determine whether the preoperative US detection of this condition can be improved.
Materials and Methods
A retrospective case study design was used. The database of a tertiary university-affiliated medical center was screened for all postmenarcheal adolescents and adults of reproductive age with surgically confirmed isolated fallopian tube torsion that was diagnosed and treated from July 2005 to November 2016. The study was approved by the Institutional Review Board.
Individual patient data on demographics, the patient's medical history, and the surgical procedure were extracted from the computerized medical records. Ultrasound data were collected from the original US reports stored on the computerized database of the US unit.
All US studies were performed by a senior obstetricians and gynecologists who were experts in US. The evaluation included measurements of the dimensions of the uterus and ovaries and their positions relative to each other and a description of the appearance of the ovaries as either normal or showing abnormal findings, including potential markers of adnexal torsion. Fallopian tube edema was diagnosed on the basis of a subjective assessment by the physician who performed the examination. Findings supportive of fallopian tube edema included echogenic inhomogeneous tissue with reduced or no vascular flow in it and an elongated curved tubular structure, especially when adjacent to a normal ovary. The signs of edema resemble signs of ovarian edema. Additionally, a subjective assessment of the blood flow on color Doppler US within the abnormal adnexa (absent, decreased, or normal) and the presence or absence of the whirlpool sign were also evaluated among patients who had these specific evaluations preformed. Adnexal findings, such as ovarian cysts (defined by a size of at least 3 cm), paraovarian cysts, hydrosalpinx, and the presence of free fluid in the cul-de-sac, pelvis, or abdomen were also assessed (Figures 1-4) . The assessment of fluid was made subjectively by the sonographer, with a minimal or low amount of fluid considered free fluid in the cul-de-sac, a moderate amount of fluid extending beyond the pouch of Douglas into the pelvis, and a large amount of fluid considered when free fluid was observed within the abdominal cavity. The US diagnosis of isolated fallopian tube torsion was considered accurate when it was the only suggested diagnosis or at least the leading working diagnosis. Suspected ovarian or total adnexal torsion was considered a misdiagnosis.
Results
The study group included 27 patients with surgically confirmed isolated fallopian tube torsion (mean age 6 SD, 25.6 6 11.7 years; range, 12-50 years). Four (14.8%) were pregnant at presentation, of whom 1 patient was at 9 gestational weeks, and 3 patients were at 21, 29, and 30 gestational weeks. Eight patients (29.4%) had a history of abdominal or pelvic surgery, including cesarean delivery, and 4 (14.8%) had previous adnexal torsion. The clinical characteristics of the patients are shown in Table 1 .
All 27 patients underwent a laparoscopic procedure for detorsion of the fallopian tube. Additional procedures included salpingostomy in 6 patients (22.2%) and salpingectomy in 3 (11.1%). The scanning technique was transabdominal (13 patients), transvaginal (8 patients), or a combined transvaginal and transabdominal approach (6 patients).
In only 8 patients (29.6%) was the US examination accurate, whereas in 13 (48.1%) the preoperative diagnosis was ovarian or adnexal torsion, and in 6 (22.2%), there was no suspicion of torsion according to US findings. Table 2 shows the preoperative US findings, and Table 3 shows the surgical findings, both in relation to the US examination. A US abnormality was suspected on the right side in 19 patients (70.4%) and on the left side in 6 (22.2%). These findings were confirmed surgically in 20 patients (77.8%).
In 6 patients, the ovary was positioned in an unusual location on the affected side, either above the uterus (3 patients) or behind it (3 patients). In all 6, isolated fallopian tube torsion was misdiagnosed, mainly as ovarian torsion (5 patients).
Fallopian tube edema was listed as a US finding in 7 patients, of whom 5 had a correct diagnosis of isolated fallopian tube torsion, and 2 had a misdiagnosis of torsion of the entire adnexa. The surgical reports referred to tubal edema in 17 patients. Other US findings attributed to the ipsilateral adnexa, either the ovary or the fallopian tube, were reported in 21 of the 27 patients (77.7%). They included ovarian cysts in 10, paraovarian cysts in 9, and hydrosalpinx in 2. Only 2 of the 10 findings interpreted as ovarian cysts were confirmed during surgery. Both were dermoid cysts. The rest of the 8 incorrect interpretations were 4 paraovarian cysts, 2 hydrosalpinx cases, and 2 that were found to have no additional findings except for isolated fallopian tube torsion. In all 10 cases, the presumptive diagnosis was ovarian torsion. The presence of a paraovarian cyst was confirmed surgically in 6 of the 9 patients with this US finding. The presumptive diagnosis in these 6 patients, all with normal-appearing ovaries, was isolated fallopian tube torsion. Hydrosalpinx, reported by US in 2 patients, was found surgically in 5.
In total, at surgery, isolated fallopian tube torsion was accompanied by additional adnexal findings in 17 patients (63%), including dermoid cysts in 2 patients, paraovarian cysts in 10, and hydrosalpinx in 5. In the other 10 patients, isolated fallopian tube torsion was the only abnormality found during surgery. An accurate US diagnosis of isolated fallopian tube torsion was achieved in 3 patients in this subgroup, whereas 4 had a diagnosis of ovarian or total adnexal torsion. In 3 patients, the twisted tube was mistakenly interpreted as an ovarian cyst (2 patients) or a paraovarian cyst (1 patient).
The presence of blood flow within the abnormal adnexa was assessed by color Doppler US in 20 women. Values are presented as number/number for which the finding was referred to in the US report (percent within group). Values are presented as a median (range) and number (percent).
Raban et al-Ultrasound Diagnosis of Fallopian Tube Torsion
Abnormal flow was detected in 16 women (80.0%) and defined as either absent (12 patients) or reduced (4 patients). Five of the patients in whom no flow was detected (41.7%) had an accurate diagnosis of isolated fallopian tube torsion. Of the remainder, 5 patients had a misdiagnosis of ovarian or total adnexal torsion, and in 2, torsion was not included in the preoperative differential diagnosis. The whirlpool sign was assessed in only 10 of the 27 patients (37.0%). It was positive in 6 patients: 4 had a preoperative diagnosis of torsion of the ovary or the whole adnexa, and 2 had a preoperative diagnosis of isolated fallopian tube torsion. In 17 patients, the whirlpool sign was not assessed. Division of the study group by age yielded 11 adolescents (40.7%) and 16 adults (59.3%). There was a similar rate of agreement in the groups between the US and surgical findings in terms of the side of the abnormality (72.7% and 75.0%, respectively). Isolated fallopian tube torsion was accurately diagnosed preoperatively in 6 adults (37.5%) and 2 adolescents (18.2%). Overall, the US detection rates for any type of torsion were 87.5% in the adults and 63.6% in the adolescents.
Discussion
This study on the preoperative US diagnosis of isolated fallopian tube torsion yielded several main findings: (1) Approximately, 30% of all women with isolated fallopian tube torsion have an accurate diagnosis preoperatively. (2) Isolated fallopian tube torsion is associated with other adnexal findings, including hydrosalpinx and cysts, which mimic ovarian abnormalities. (3) Isolated fallopian tube torsion is frequently mistaken by US for ovarian or adnexal torsion. (4) Isolated fallopian tube torsion is more often misdiagnosed in adolescents than in adults.
The rate of successful US diagnosis of ovarian or adnexal torsion has been increasing in recent years. In 2011, Mashiach et al 14 reported a 74.6% US detection rate for ovarian torsion compared to the 23% to 66% rates reported in earlier studies. By contrast, the US detection rate for isolated fallopian tube torsion has remained consistently low, 3, 5, 8, 12, 13, 15 possibly because of the rarity of the disorder. Accordingly, in this cohort, isolated fallopian tube torsion was accurately diagnosed by US in only 8 of 27 patients (29.6%). Our search of the literature revealed a reported incidence of 1 per 1.5 million women in a Danish population study, 1 although these data were from 1957 to 1967 and might need updating. Apparently, isolated fallopian tube torsion is not routinely included in the differential diagnosis of acute pelvic or lower abdominal pain. In this cohort, 13 patients (48.1%) had a US diagnosis of either ovarian or adnexal torsion. The tendency to mistakenly identify fallopian tube torsion as ovarian/adnexal torsion has also been reported by others. 12, 13 We suggest that the Values are presented as number/number for which the finding was referred to in the surgical report (percent within group) and mean 6 SD.
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J Ultrasound Med 2018; 00:00-00distortion of the tube by congestion and edema makes it appear on US as an enlarged edematous ovary or adnexal cyst, especially when the ovaries are not clearly visualized. The fact that all of our patients were treated surgically raises questions regarding the importance of the US distinction of ovarian or whole-adnexal torsion from isolated fallopian tube torsion to the clinical decision-making process. Color Doppler flow in the involved organ is an important factor in the US evaluation of possible ovarian, tubal, or adnexal torsion. In a report of 2 cases of isolated fallopian tube torsion, Baumgartel et al 4 reported a highimpedance flow pattern or absolute absence of flow after tubal ligation. We found blood flow to be impaired in 80% of the patients in whom color Doppler flow was assessed. The whirlpool sign is also known for its high sensitivity as a US marker of torsion. Vijayaraghavan and Senthil 16 described 4 patients with a positive whirlpool sign adjacent to a dilated fallopian tube. Isolated fallopian tube torsion was accurately diagnosed preoperatively in all 4 cases. In our cohort, the whirlpool sign was present in 6 of the 10 patients who were evaluated for it, and all 6 cases were diagnosed preoperatively as either isolated fallopian tube torsion or ovarian torsion. Considering the steps of US assessment of ovarian torsion, which also include the search for the whirlpool sign, we suggest that in the relevant clinical and US context of acute lower abdominal pain combined with a normal-appearing ovary and abnormal adnexal findings on the ipsilateral side, the whirlpool sign should be looked for. The pathophysiologic manifestation, expressed as twisted vessels like a whirlpool, indicates the same mechanism in isolated fallopian tube torsion as in torsion of the ovary or the whole adnexa. Therefore, we suggest that this US sign should be routinely evaluated in all clinically relevant scenarios.
We found the preoperative detection rate for isolated fallopian tube torsion to be lower in adolescents than in adults (18.2% versus 37.5%). In addition, a lower proportion of the adolescents were given a working diagnosis of any type of torsion (63.6% versus 93.8%). A few studies of isolated fallopian tube torsion have focused on pediatric cases, and all reported low detection rates 10, 12, 17 Harmon et al 10 found that of 8 adolescent patients with isolated fallopian tube torsion, 6 were evaluated with US, and only 1, with a midline pelvic cyst, had a correct diagnosis preoperatively. During surgery, an adnexal cyst in addition to isolated fallopian tube torsion was noted in all cases. The authors concluded that isolated fallopian tube torsion should be suspected in the adolescent age group when a pelvic cystic mass is shown either above the uterus or within the cul-de-sac. An exceptionally high (100%) preoperative diagnostic rate was reported by Narayanan et al 17 in a study of 10 pediatric cases of isolated fallopian tube torsion. The main finding was a tubular structure or a midline cystic mass associated with a normal ipsilateral ovary. It should be noted, however, that in half of their cases, preoperative imaging included computed tomography in addition to US, which may have increased the diagnostic accuracy. As predisposing factors for isolated fallopian tube torsion are mostly relevant to adults, the main reason for the usually lower rate of detection in adolescents is limited familiarity with this rare condition and a low index of suspicion as a result. Furthermore, in adolescents, the US examination is usually performed transabdominally, which might prevent optimal characterization of adnexal findings located deep in the pelvis. In cases of suspected isolated fallopian tube torsion, a transrectal approach might be considered.
One limitation of this study was the absence of data on the contribution of the clinical presentation to the interpretation of the US signs and the clinical decisionmaking process. Furthermore, as this was a retrospective study, the US findings were not reported in a homogeneous manner, and they were interpreted by multiple examiners, albeit all experienced senior sonographers. Be that as it may, this study is, to our knowledge, the largest cohort of patients with isolated fallopian tube torsion reported to date, such that the findings provide an important addition to the still sparse data on this rare condition.
In conclusion, we believe the key to improving the preoperative US detection of isolated fallopian tube torsion is a high index of "US suspicion." Clinicians should be alert to the US signs of this rare disorder and include it in the differential diagnosis when encountering patients with a normal-appearing ovary ipsilateral to the painful side, a cystic mass adjacent to the ovary, or US signs similar to torsion of either the ovary or the whole adnexa.
